ABSTRACT.-The sequence of events during the prolonged pipping process in the Wedge-tailed Shearwater (Pufinus pacificus) was chronicled. The initial event, a series of star-fractures in the shell, occurred five to six days before the chick hatched. The daily rate of water loss from pipped eggs was considerably greater than that from unpipped eggs; the highest water loss (858.4 mg/day) occurred in eggs with a distinct pip-hole. It was estimated that approximately 16% of the water loss from eggs with a pip-hole could be attributed to embryonic pulmonary ventilation. Comparison with three other species of procellariiform sea birds with a seven-fold range of egg mass, revealed that the total water loss from the egg over the entire incubation period varied from 16.1 to 18.6% of the fresh egg mass. The main difference between the four species lay in the way in which the water loss was divided between the pre-pipping period and the period between the initiation of pipping and hatching.
The initial event in the pipping process of the eggs of many species of birds is the penetration, by the embryo' s beak, of the air cell at the blunt pole of the egg, an event that has been termed "internal pipping" (Ar et al. 1980). Internal pipping allows the embryo to rebreathe the air in the aircell but it has little effect on the water loss from the egg, because the integrity of the egg shell, which presents the main barrier to the diffusion of water vapor out of the egg (Paganelli 1980), is intact. Following internal pipping, a series of star-fractures is made in the shell, by the embryo, and, subsequently, a distinct hole-the "pip-hole"-is made in the shell. Both of these events are likely to result in an increased rate of water loss from the egg (Whittow 1980), because the water loss is then no longer limited by the number and size of the minute pores in the shell, through which gases diffuse. odological and definitional issues. Other shearwater eggs were collected and incubated in the laboratory at 36°C (relative humidity 40%). The eggs were four to five weeks old when first placed in the incubator; the eggs were turned twice daily before external pipping. The artificially incubated eggs were weighed periodically to measure the pre-pipping daily water loss (Ackerman et al. 1980). After the initial star-fracture of the shell had occurred, the eggs were weighed daily.
The respiratory water loss (tiHlO, g/h) from the embryo after internal pipping was calculated from the following equation: the measured temperature ofexpired air at the nares (assumed to be saturated with water vapor) 0 = relative humidity of the air in the incubator/100 e,, = water vapor content of incubator air (inspired air) at 36°C relative humidity 40% (g/l).
RESULTS
The sequence of pipping in the eggs of the Wedge-tailed Shearwater is shown in Figure 1 . Forty-seven days after the egg was laid, the first of a series of star-fractures (external pipping) was made in the shell. One day later, the embryo penetrated the air cell with its beak, an event known as "internal pipping." Two days later, a distinct hole (pip-hole) was made in the shell, and two days after that, the embryo hatched. The exact duration of each phase of pipping, together with the water loss from the egg, prior to and during pipping, are presented in Table 1 . The water loss from unpipped eggs was significantly greater in the incubator than on Manana Island (t = 2.75; 0.01 > P > 0.002). This was to be expected as the egg temperature was slightly higher (1°C) and the water-vapor pressure lower (1.77 tort) in the incubator than under natural conditions. However, in both the naturally incubated eggs (t = 18.6 1; P < 0.001) and in the artificially incubated eggs (t = 18.83; P < O.OOl), the water loss was significantly higher in eggs that were star-fractured than in those that were not pipped. In addition, the water loss from eggs with pip-holes was significantly greater (t = 7.60; P < 0.001) than that from star-fractured eggs. Eggs with pip-holes were not weighed under field conditions because the fragments of shell resulting from enlargement of the pip-hole could not be retrieved for weighing. The time periods for the different phases of pipping tended to be shorter, but not significantly so, in the laboratory than in naturally incubated eggs. Table I ), it may be calculated that the total water loss from the egg during the entire incubation period was 11.388 g. Of this amount, 3.3 13 g (29.1%) was lost during the interval between external pipping and hatching. A similar calculation performed on the data obtained on Manana (left-hand column, Table l), assuming that the water loss from eggs with pip-holes was the same as that observed in the laboratory, yielded a figure of 32.8% for the contribution of the external-pip-to-hatch interval. In Table 2 data for the water loss during the interval between external pipping and hatching are presented for four species of Procellariiformes. The duration of the interval between external pipping and hatching is a greater percentage of the total incubation period for the smaller eggs. The total water loss during this interval is also a greater percentage of the total water loss over the entire incubation period, in the smaller eggs. These results are a corollary to a previous report that the duration of the pre-pipping phase of incubation, and the water loss during this phase, tend to be relatively less in the smaller procellariiform eggs than in the larger ones (Whittow et al. 1982). Table 2 also reveals that the total water loss over the entire incubation period tends to be relatively greater in the smaller eggs. It is, in fact, likely that the water loss from the Bonin Petrel eggs has been somewhat underestimated because Grant et al. (1982a) did not obtain data for water loss from eggs with a pip-hole. Nevertheless, this consideration should not alter the main conclusion to be drawn from Table 2 
DISCUSSION

Using the data obtained in the laboratory (right-hand column in
